Objectives: The question of whether any adverse cognitive or psychosocial outcomes occur after mild head injury in early childhood has evoked considerable controversy. This study examined mild head injury before age 10 and potential differences in late childhood/early adolescence as a function of severity of mild injury and age at injury. Methods: A fully prospective longitudinal design tracked a large birth cohort of children. Confirmed cases of mild head injury before age 10 were divided on the basis of outpatient medical attention (n=64-84) or inpatient observation (hospital overnight; n=26-28 ) and compared with the non-injured remainder of the cohort (reference group; n=613-807). A range of pre-injury and post-injury child and family characteristics were used to control for any potential confounds. Outcome after injury before and after age 5 was also assessed. Results: After accounting for several demographic, family, and pre-injury characteristics, the inpatient but not the outpatient group displayed increased hyperactivity/inattention and conduct disorder between ages 10 to 13, as rated by both mothers and teachers. Psychosocial deficits were more prevalent in the inpatient subgroup injured before age 5. No clear effects were evident for various cognitive/academic measures, irrespective of severity of mild injury or age at injury. Conclusions: Most cases of mild head injury in young children do not produce any adverse effects, but long term problems in psychosocial function are possible in more severe cases, perhaps especially when this event occurs during the preschool years. The view that all mild head injuries in children are benign events requires revision and more objective measures are required to identify cases at risk.
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I
t is expected that moderate to severe head injury in children will produce negative outcomes on cognitive, academic, and psychosocial variables, 1 but the idea that similar effects may occur after instances of mild head injury is a controversial one. [2] [3] [4] [5] Mild head injury is usually considered an insignificant event as any alteration in consciousness is transient and medical intervention is rare. Despite growing evidence that mild head injury can be associated with structural abnormalities, including diffuse axonal injury and cortical contusions, [6] [7] [8] [9] any lasting consequence in children is generally regarded as unlikely. Indeed, there is a widespread belief that younger individuals show greater neuroplasticity and accelerated recovery after any brain injury. 10 11 Recent reports that moderate to severe brain injury in early childhood has a more negative outcome than when it occurs in older childhood, however, have renewed speculation that early mild injuries may also have some lasting consequences. 1-3 12 Mild head injury is experienced by a significant number of children. For example, there are about 90 000 cases who are hospitalised each year in the US. 13 14 It is therefore important to clarify the impact of these events, especially any long term effects, because they potentially constitute an important health concern.
In recent reviews of mild head injury in children, Satz and colleagues concluded that there may be a weak yet transient change in cognition, but no reliable effects on academic or psychosocial measures. 4 5 It is, however, significant that these reviews also highlighted frequent methodological problems in this research area, which adds to uncertainty regarding the influence of these early life events. In fact, barely half of the studies reviewed (26 of 56) were methodologically adequate in terms of meeting at least four of the following recommendations. 4 5 (1) A clear definition of mild injury without including children with more severe injuries. The use of standardised tests to measure outcomes. And (6) The inclusion of at least 20 children with mild head injury.
Clearly, the evidence on mild head injury in children exhibits many shortcomings. We therefore re-examined the question of potential changes in psychosocial behaviour and academic performance in children who had experienced a mild head injury event in the context of the Christchurch Health and Development Study of over a 1000 children born in mid-1977. This longitudinal epidemiological study fulfilled all six of Satz's recommendations, including a range of pre-injury and post-injury information to control for several potential confounds. In addition, fully prospective information was available on the child and family through interviews conducted on a regular basis since birth. 15 16 This information was free of any injury related bias, because it was collected during interviews that were completely unrelated to any head injury event. Use of a large birth cohort meant that our sample was more representative than is the case with the opportunistic samples commonly used. Furthermore, the non-injured sample was an ideal reference group for comparative purposes because of their unusually similar background to those children who had experienced a head injury.
Even when most of Satz's original recommendations are met, previous studies usually provide little or no longitudinal perspective and often concentrate on injuries in older children or adolescents who will have a range of established cognitive and behavioural skills. The adult pattern of an initial deficit followed by recovery 17 may not occur in young children who are experiencing a period of more active developmental change. Some evidence already exists that the initial effects of early brain injury may even worsen as they interact with developmental processes and impede the acquisition of new skills. 1 3 18 Delayed onset of deficits may be especially relevant for psychosocial behaviour, because these skills are strongly mediated by the prefrontal cortex, which has a prolonged developmental course. 19 Interestingly, one of the two studies that met all six of Satz's criteria reported that mild head injury between 5 and 10 years of age was associated with higher teacher, but not higher mothers' ratings of hyperactive/ inattentive behaviour. 20 For our study, the long term effect of a mild head injury experienced any time before the age of 10 was evaluated when the children were in late childhood to early adolescence. We also examined the consequences of a mild head injury sustained before and after the age of 5, the onset of formal schooling for most children. There is little information on the question of mild head injury in preschool children. One study reported that the timing of mild head injury before or after the age of 5 is irrelevant, 21 but other work suggests that the early years may indeed be a more susceptible period in terms of mild head injury effects. 3 The lack of clear mild head injury criteria and the treatment of all cases as a homogeneous category constitute two other important confounds in the literature that may explain some of the mixed findings. One study included any child experiencing a blow to the head, with or without evidence of concussive symptoms. 22 Conversely, even mild to severe cases have often been collapsed into a single target group (see for example references [23] [24] [25] ). Indeed, the only previous study with follow up data longer than 10 years reported adverse changes in physical, emotional, and intellectual domains, but its findings were based on non-standardised self reports and a sample that included 10% of moderate or severe cases. 26 Hence a novel methodological refinement in our study was to divide explicit cases of mild head injury on the basis of whether the injury required outpatient treatment or temporary inpatient care. This division can reasonably be related to the severity of mild injury 27 and addresses the recent proposal that there may be a degree of mild injury that reaches a threshold of concern. 5 
METHOD

Subjects
The Christchurch Health and Development Longitudinal Study has charted an initial cohort of 1265 children, comprising all hospital births in the Christchurch region (South Island of New Zealand) between 15 April 1977 and 5 August 1977. 16 28 Information regarding injury events of any kind was gathered from parents during annual interviews and any hospital event verified through medical records.
All the children in the cohort were assigned to one of three groups, two mild head injury groups and a reference control group. No case included in the reference group had any documented evidence of a head injury (no other exclusions, including any other non-neurological injury events). The reference group sample size varied from 613 to 807 cases, depending on variables and missing data. Children included in either mild head injury group had a reported head injury between the ages of 0 to 10 for which medical attention was received and a clear diagnosis of concussion or suspected concussion was given. Mild head injury was further defined by: (1) Loss of consciousness if evident of less than 20 minutes, (2) Hospitalisation of equal to or less than two days, if this occurred, and (3) No evidence of skull fracture. Children were required to meet all criteria for inclusion in the study. Non-specific head injury itself was insufficient for inclusion in the mild head injury groups and any evidence of more severe head injury was an exclusion criterion. One child with a mild head injury was excluded because of severe developmental delays, leaving 132 children eligible for inclusion in the mild head injury group, about 14.5% of the sample on whom measures were available.
A key factor in this study was that mild head injury cases were divided into two groups, inpatient and outpatient, which is presumed to reflect the initial severity of their injury. The main analyses compared the inpatient and outpatient groups of children who had head injury between the ages of 0 and 10 with the reference group. Thirty six children had been admitted to hospital for less than two days as a result of any mild head injury event before age 10 (inpatient group). Ninety six children experienced a mild head injury before age 10, but were seen by a general practitioner or an accident and emergency department and sent home (outpatient group). In the 20 cases where multiple head injuries were sustained between ages 0-10, the most severe injury was used to assign group (seven inpatient group cases). Children who had experienced a mild head injury were also divided according to the age at which the injury occurred but excluded from the 0-5 year injury group if they had any documented head injury between ages 6-10 years and excluded from the 6-10 year injury group if they had any documented head injury between ages 0-5. One hundred and one mild head injury events were reported between the ages of 0 and 5, of which 51% were in boys. Fifty three injury events occurred from 6-10 years of which 70% were in boys. Children who required inpatient care were more likely to be male, making up 72%, 66%, and 92% of children in the inpatient 0-10, 0-5, and 6-10 year groups, respectively. Injury resulted from an acceleration/deceleration event in all cases that required inpatient care, with 78% (28 of 36) being the result of falls, 8.3% (3 of 36) hit by an object, 5.6% (2 of 36) as a passenger in a vehicle, and 2.8% (1 of 36) from a collision with a stationary object (no details were recorded in two cases).
Procedure
Information on the children regarding both pre-injury and post-injury functioning was collected throughout the course of the study from a wide range of sources, including parental interview, teacher report, standardised testing, and medical records. These observations provided data on a wide range of child and family variables to control for potential confounding factors (see table 1 ). Details for the measures used in this study have been published elsewhere. 15 16 28-31 Psychosocial outcomes A combined version of the Rutter and Connors maternal report questionnaires was used to obtain yearly ratings from mothers regarding hyperactivity/inattention and conduct disordered behaviour and a parallel version was used by the child's teachers to assess these behaviours at school (each measure was averaged for years 10 to 13 inclusive). Items were selected from the original questionnaires to conform to the DSM-III criteria. The resulting scales have been found to have good reliability with coefficient α values ranging from 0.82 to 0.93. Academic/cognitive outcomes Global cognitive functioning was assessed at 8 years of age using the WISC-R, so this measure could only be used to compare the reference group with the mild head injury groups who had sustained their injury before age 5. The Burt Word Reading Test (reliability of 0.98), which consists of a list of 110 words graded in order of difficulty is designed to provide a broad measure of early word reading skills among children, and was administered annually from age 8. Language was also assessed using the Progressive Achievement Test (PAT) of reading comprehension (reliability of 0.83), administered to the children when they were 10 years of age and again at 12 years of age. The PAT of mathematics (reliability of 0.87) was used when the children were 11 years of age. Lastly, performance on national examinations (School Certificate) was used to assess general academic achievement at the age of 15 or 16.
RESULTS
Design and statistical analyses
Outcomes were treated as continuously scored variables and subjected to analysis of variance using three head injury status groups (reference, outpatient, inpatient) and then to analysis of covariance using 12 child and family measures as covariates (see table 1 ). The main analyses examined the effects of mild head injury before age 10, followed by separate analyses for two developmental periods, injury before age 5 exclusively (0-5 years) and injury after age 5 exclusively (6-10 years). There were no significant group by gender interactions. Sample sizes varied as a function of missing data on any outcome variable or covariate. While some children in the inpatient group had experienced multiple injuries (7 of 36), the actual number of cases used in the final analysis never exceeded 4 of 28 (other than the outcome variable, information on all 12 covariates was also required for any analysis). Multiple injury did not affect the inpatient 0-10 year results reported here because the behavioural ratings of two of these children were in the lower range of scores for their group, one was in the middle range and one was in the upper range. Only two multiple injury cases were included in the inpatient 0-5 year subgroup (one case with psychosocial scores in the lower range and one in the upper range). In the inpatient 6-10 year subgroup, no cases of multiple injury within this age occurred and injury before age 5 was an exclusion criterion.
Potential confounding factors
Child and family characteristics were analysed across the three head injury status groups using one way analysis of variance or Kruskal-Wallis tests as appropriate (table 1) . For some variables, information was available on a yearly basis, so it was first averaged over the course of the two developmental periods of interest, 0-5 years and 6-10 years. For descriptive purposes, many of these variables are expressed as proportions, rather than means or medians. To ensure a conservative analysis on these measures for the later ancovas, a lenient significance criterion (p<0.10) for head injury status was adopted for the selection of appropriate covariates. Eight of the variables listed in table 1 showed at least this degree of association with head injury status on one or more of the analyses conducted on the 0-10, 0-5, and/or 6-10 year groups. To control for at least some aspects of other unidentified factors or potential confounds, four birth related variables were also added to the covariate list (birth weight; mother's age; mother's educational level; socioeconomic status of family). Using these covariates, adjusted mean values were generated for each outcome variable, which may be interpreted as the hypothetical value when the effects of family and individual factors have been taken into account.
Hyperactivity/inattention and head injury status (0-10 years)
The left half of table 2 provides the unadjusted mean ratings of hyperactivity/inattention, averaged over years 10-13, for the reference (no injury) group and the outpatient and inpatient groups of children injured between 0-10 years of age. There was clear evidence of different mean scores for hyperactivity/ inattention, in terms of mother ratings, teacher ratings, and the combined score (respectively, F (2, 912) =7.70, p<0.001; F (2, 890) =8.08, p<0.001; F (2, 890) =8.31, p<0.001). Post hoc Scheffé tests confirmed that all three of these (unadjusted) mean ratings for children in the inpatient 0-10 year group were higher than those of both the reference group (all p<0.001) and the outpatient 0-10 year group (all p< 0.004), whereas the outpatient and reference groups had equivalent mean scores. Note, the reference and outpatient groups' mean scores for mother and teacher ratings were close to the minimum possible (8 and 7, respectively). The adjusted mean ratings of hyperactivity/inattention are shown on the right half of table 2, after controlling for 12 potential confounds. The mean ratings for the reference group increased slightly and those for the inpatient 0-10 year group decreased slightly. None the less, the analyses of covariance reproduced a reliable group main effect for head injury status for mother, teacher and combined ratings (respectively, F (2, 900) =5.01, p<0.01; F (2, 878) =5.40, p<0.01; F (2, 878) =5.25, p<0.01). Again, pairwise Scheffé comparisons confirmed that the mean ratings for children in the inpatient 0-10 year group were higher than those of both the reference (all p<0.001) and outpatient groups (all p<0.003), whereas the latter two groups were equivalent.
Conduct and head injury status (0-10 years) Unadjusted mean ratings of conduct, averaged over years 10-13 for children injured between 0-10 years of age, are shown on the left half of table 2. All three measures of conduct ratings also produced significant group main effects for head injury status (mother, F (2, 912) =6.81, p<0.002; teacher, F (2, 890) =7.83, p<0.001; combined ratings, F (2, 890) =9.26, p<0.001). Post hoc analyses confirmed that ratings for all three measures of conduct were higher in the inpatient 0-10 year group than those of the reference group (p<0.01), as was the case when the inpatient 0-10 year group was compared with the outpatient 0-10 year group for teacher and combined ratings (p<0.02) but not mother ratings (p<0.14). As with the hyperactivity/inattention measure, the outpatient 0-10 year group and reference group had comparable mean conduct ratings. Note, the latter groups' mean scores for mother and teacher ratings were close to the minimum possible (23 and 20, respectively).
Adjusted mean ratings of conduct averaged over 10-13 years of age are shown on the right half of table 2. Analyses of covariance confirmed that a significant group main effect for head injury status remained evident for teacher ratings of conduct, F (2, 878) =5.59, p<0.01 and combined ratings, F (2, 878) =4.84, p<0.01, but not for mother ratings, F (2, 900) =1.93, p<0.15, the latter being similar across the three groups. Post hoc analyses confirmed that teacher and combined ratings were higher for the inpatient 0-10 year group than those of the reference group (p<0.001) and the outpatient group (p<0.004).
Psychosocial measures: effect sizes and developmental subgroups Table 3 expresses the standardised mean differences for the behavioural ratings between the inpatient groups and the reference group (that is, Cohen's d, after adjustment for sample sizes; D-Stat programme 32 ). Robust estimates of group differences are evident when the 95% confidence intervals for d do not include the zero value. The outpatient mild head injury groups were comparable to the reference group, irrespective of the age at injury, so those effect sizes are not provided. Note that the data provided in table 3 also summarise the effects of age at injury, based on injury occurring exclusively in the two developmental periods, 0-5 years and 6-10 years. The inpatient effect sizes for the cognitive/academic measures were generally small and unreliable (for unadjusted means, average d=0.32 , 95% CI = −0.22 to 0.86; for adjusted means, average d=0.20 , 95% CI = −0.38 to 0.71), with the exception of the Burt Word Reading difference in the 6-10 year inpatients (d=0.95, 95% CI = 0.07 to 1.83). Using Cohen's 33 conventions (d=0.5 for a medium effect size and 0.8 for a large effect size), it is clear that mild head injury requiring brief hospitalisation at some point during years 0-10 of age was generally associated with large effect sizes on behavioural ratings of hyperactivity/inattention (left half of table 3). When the means were adjusted for 12 covariates the differences remained for hyperactivity/inattention, but were mostly reduced to medium range effect sizes (right half of table 3). An exception was the small effect size for adjusted mother ratings for the inpatient 6-10 year group, which contrasts with the more reliable effect for teacher ratings in this group. The effect sizes for conduct ratings were also large, but tended to be both weaker and less reliable when the first injury occurred after age five (compare effect sizes and confidence intervals for age 0-5 versus age 6-10, left half of table 3). This neurodevelopmental difference between the effects of injury before or after age 5 is more readily apparent for the adjusted mean values of conduct ratings. In this latter instance, injury before age 5 produced reliable medium to large effects, unlike the effects of injury after age 5 (right half of table 3).
This evidence that some differences are related to the age at injury was supported by post hoc Scheffé tests on the adjusted mean behavioural ratings for the inpatient 0-5 year group and the inpatient 6-10 year group. Post hoc tests on these adjusted measures confirmed significant differences between the inpatient 0-5 year group and the reference group in terms of mother (p<0.001), teacher (p<0.01), and combined (p<0.01) hyperactivity/inattention ratings, and on mother, teacher, and combined conduct ratings (all p<0.001). Teacher and combined ratings of hyperactivity/inattention were also significantly different in the inpatient 6-10 year group (p<0.05). However, neither the mother ratings of hyperactivity/ inattention (p<0.07) nor any conduct ratings reached significance (mother, p<0.15; teacher, p<0.15; combined, p<0.06).
Cognitive/academic outcomes
Although the inpatient group tended to score more poorly on the cognitive and academic measures, no significant group or pair wise effects were identified (table 2) . Analyses based on head injury before or after age 5 also produced no effects, with the exception of poorer Burt Word Reading scores for the inpatient 6-10 year group. This finding is tempered by the fact that relatively few children overall took this test (the inpatient sample was only five cases). There was no significant group main effect for IQ scores at age 8, which was used to compare children injured before age 5 with those in the reference group.
DISCUSSION
This study showed that children who experienced a mild head injury of sufficient severity to warrant temporary hospitalisation between the ages of 0-10 years were likely to show adverse psychosocial outcomes in terms of hyperactivity/ inattention and conduct disordered behaviour at 10-13 years of age, especially if the injury occurred before age 5. These effects persisted after statistical control of a wide range of potential confounds. By contrast, children in the outpatient mild head injury group were comparable to the non-injured reference group on these psychosocial measures. Regardless of injury severity, mild head injury did not markedly affect general intelligence or academic skills. Adverse psychosocial outcome after mild head injury in children has been reported previously, 20 22 23 34-36 but not by all studies. [37] [38] [39] [40] [41] The inconsistent evidence on the effects of mild head injury in children is hampered by methodological limitations, with few studies meeting even four of Satz's recommendations. 4 5 The current findings, then, must also be considered in the context of the study's strengths and limitations.
The Christchurch Health and Development Study has used a longitudinal epidemiological approach. Its unique characteristics incorporate many methodological advantages and make it probable that its findings have wide generalisability. Assessments were made by multiple informants across multiple situations and the data were free of any injury related bias. Also, a large unselected reference group was used that was identical in age to the head injury groups and highly comparable in terms of general education, history, and social circumstances. The focus on the effects of early head injury and a longitudinal perspective represent two important features of this study. Childhood is obviously characterised by rapid developmental change, yet the long term consequences of early injuries have seldom been investigated previously. 3 26 42 Indeed, only a handful of studies have examined outcomes for children of any age more than five years after injury. 26 43-46 Some of the previous research suffered from the problem of poor definition of mild head injury. Often, cases with more severe head injuries have been included in the mild injury group or there has been a lack of minimum inclusion criteria. [2] [3] [4] Mild head injury in our study was restricted to cases with a documented diagnosis of concussion/strongly suspected concussion, and loss of consciousness if present for not more than 20 minutes, which are accepted criteria in the contemporary literature. 27 The Glasgow Coma Score 3 47 and posttraumatic amnesia were not in common use when the cohort's injuries were recorded, but these measures are in any case problematic with children. 3 Instead, injury severity within the mild domain was examined by categorising cases into those requiring either inpatient or outpatient care. This division produced the important finding that there is both a level of mild injury for which there are adverse outcomes and a lower level of mild head injury for which there is likely to be no detectable deficit. The adverse psychosocial findings reported here would not have emerged had the children with mild head injury been treated as a homogeneous group. Only one other study has investigated this issue, but it concluded that an inpatient/outpatient dimension was irrelevant because this factor was inconsistent across various measures used. 20 No relevant details were reported in that study, but one difference was that no cases of injury before age 5 were included. In any case, it is perhaps unreasonable to expect diverse measures to reflect consistent differences after mild head injury.
A lack of control groups in much of the research to date is another reason why it has been difficult to determine whether psychosocial outcomes can be attributed to mild head injury. The use of an "other injury" group is even advocated, 5 although it has been questioned whether injury controls such as burns, lacerations, or fractures are appropriate because they differ in terms of visibility and pain associated with the trauma. 2 In this study, the division of cases according to severity level meant that the outpatient group effectively provided an excellent and appropriate injury control for the inpatient group. Indeed, the outpatient group was similar to the inpatient group in terms of the general nature of trauma, and both the outpatient group and the reference group were ideally suited controls in terms of age, educational experience, and general social background. If non-specific factors are responsible for the differences in children seeking medical attention, then our two head injury groups should have been comparable and similarly different to the non-injured reference group. In contrast, the attention and conduct measures used here revealed that the children in the outpatient group differed from the inpatient group, but were indistinguishable from the reference group.
One issue that drives the question of appropriate controls is the concern that any behaviour associated with mild head injury simply reflects existing characteristics in the child or their family that predispose these children to injury. 4 5 48 This view has also been challenged. Not surprisingly, there is conflicting evidence whether children with mild head injury are already problem children or that their families are problem families. 3-5 49-51 In addition to control groups, statistical or methodological control of these characteristics indicates whether any differences are specifically related to a mild head injury. 5 48 Previous research has relied on observations or an informant's memory after an injury event. 39 52-54 By contrast, this study is only the second to our knowledge that has used prospectively collected data on both the child and family. 20 Although there were differences between our three comparison groups in terms of some child and family characteristics (table 1) , the size and direction of these differences did not consistently map on to the observed psychosocial differences. The outpatient and reference group showed virtually identical psychosocial scores, but the outpatient group was intermediate to the reference and inpatient groups on some child and family measures (adverse early life events, difficulty to manage, parental separation for age 6-10 years) and relatively less favourable than the other two groups on other measures (aggression, step-parent changes for age 6-10 years). More importantly, our main outcomes were reliable both before and after being adjusted for these and a wide range of other possible confounding factors. These considerations make it unlikely that the negative psychosocial outcomes we observed were attributable to any non-specific effects of the trauma or unforeseen child and family confounds.
An important question regarding the effects of mild head injury in children is whether they are at best small, temporary, and trivial. 4 5 In addition to including a high proportion of cases at the milder end of the injury continuum, studies have often used the Child Behaviour Check List, 38 40 41 55 a screening device that uses a clinical threshold to detect psychopathology. The measurement of hyperactivity/inattention or conduct disorder based on the Rutter and Conners rating scales 30 56 is more likely to detect the subtle changes that might be expected after mild head injury. [57] [58] [59] Whereas the majority of children in our reference and outpatient groups showed only one symptom (that is, close to the minimum rating possible), the inpatient group showed a mean increase equivalent to an additional two to three problem behaviours. In addition, the inpatient 0-10 year group showed generally large effect sizes for both hyperactivity/inattention and conduct ratings and all but one of these measures remained in the medium to large range even after covariate adjustment. When analysed according to age, consistently more reliable and often larger changes in these measures were associated with injury before age 5. This evidence suggests that mild head injury can result in significant outcomes for some children. Moreover, these effects were long term, being evident 8-13 years after the inpatient injury in the case of the 0-5 year group.
Our sample of up to 132 injury cases far exceeds the recommendation of 20 suggested by Satz. 4 Clearly, there was an ample sample for the various outpatient head injury analyses, but one limitation is the variation in the number of children available for some of the head injury inpatient subgroups. There were 26 to 28 inpatient cases with sufficient data available for the 0-10 year analyses of the psychosocial ratings, but only 16 or 17 inpatient cases for the 0-5 year analyses. A more serious problem was that our evidence on the effects of later injury, after age 5, is limited by the relatively few cases in the inpatient 6-10 year subgroup (8 or 9 for psychosocial ratings; less for the academic outcomes), but it suggests that relatively fewer effects are apparent in this instance. For this older group, only the effects of mild head injury on teacher ratings of hyperactivity/inattention, but not mother ratings of hyperactivity/inattention or teacher and mother conduct ratings, remained significant after child and family confounds were taken into account. Similarly, previous evidence on older children who experience a mild head injury has found that increases in conduct measures, rather than hyperactivity/inattention measures, may reflect other confounds, 35 60 and that increased teacher ratings of hyperactivity/ inattention remain after statistical control for non-specific confounds. 20 These findings show that mild head injury in children is not always a completely benign event. Our evidence provides strong support for the suggestion made by Asarnow and colleagues 48 that there is a level of mild head injury for which no discernible long term deficits will be evident. Conversely, it seems that more severe mild head injuries can have some clear adverse outcomes, at least in terms of psychosocial behaviour. Unfortunately, we had insufficient information to determine any specific clinical differences between our inpatient and outpatient groups. Hospital admission criteria differ over time and between different centres, so it is unlikely that temporary hospitalisation compared with outpatient care will provide a universally useful predictor of potential outcome. The task facing the medical community is to find more objective ways at the time of injury of identifying those children who are vulnerable to adverse early life outcomes and to identify the nature of the injury that might predict such outcomes. The use of sensitive brain imaging techniques is increasingly suggested as essential for the detection of individuals with mild head trauma who may have experienced clinically significant brain injury, [61] [62] [63] but the use of these techniques with young children is problematic. An additional approach may emerge from recent findings that an increase in blood markers may be predictive of initial brain injury. 64 If delayed onset of behavioural impairments and a failure to mature appropriate social and emotional domains is indeed a characteristic of some early injuries, then periodic management and intervention may minimise any potentially deteriorating psychosocial function.
In summary, our findings provide an answer to the conflicting views on the effects of mild head injury in early childhood by showing that in many respects both sides of the debate are correct. That is, the effect of mild head injury depends on whether it is of the more frequent instance that requires no inpatient care as compared with the more severe instance for which some inpatient observation may be warranted. Only the more severe injuries are likely to produce long term negative outcomes, which in turn depends on the particular measure under study, the reliability and sensitivity of the measure (for example, aggregated over time compared with a single point estimate), and probably to some degree on whether the injury occurs before age 5.
